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Figure 2. Vertical aerial photograph of Girdwood Bar, summer, 1974, BT = =] Figure 7. Locations and vector directions of lunate/linguoid ripple marks on Girdwood Bar. A ———
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A, newly developed channel,
C, bedrock outcrop.

B. gravel megaripples;

Figure 1.
LOCATION OF TURNAGAIN ARM.
THE SITE OF GIRDWOOD BAR.

INTRODUCTION

Girdwood Bar is an informal name applied to one intertidal sand bar that, at low tide, is attached to the shore of
Turnagain Arm near Girdwood, Alaska (fig. 1). This map and text present data on the surface bedforms, texture, and
mineralogy of the bar as it was in 1974 and contrast its characteristics with the bar as it was in 1973.

During July-August 1973, Girdwood Bar consisted of well to moderately sorted silt and sand, with the finest sedi-
ment near the shore and progressively coarser material seaward (Bartsch-Winkler and others, 1975). In the summer of
1974 we re-examined the bar and found that significant changes had taken place: it was covered with gravel over approx-
imately 30 percent of its surface and a new subsidiary channel had developed on its northwest half. Surface outlines
of the gravel deposit and orientations of the gravel clasts indicate that deposition of Girdwood Bar is flood-dominant
with a mean flood current direction of approximately 130° (southeast). Small-scale ripple features indicate that the
ebb current direction is”about 300° (west-northwest), and the general slope of the bar is to the southwest at about 235°.

Aerial photographs

Black and white vertical aerial photographs (fig. 2) at a scale of 1:24,000 (1" = 2,000'), which we used in mapping
and sampling Girdwood Bar, were taken near the time of lTow tide on May 25, 1974. Elevation of the low tide at Anchorage,
the nearest tidal station, was -2.4 feet (MLLW).

Sampling and laboratory procedures ne
Pace-and-compass traverses to obtain samples were conducted,in June-July 1974. Three procedures were followed:

(1) If the station was covered with gravel, a wooden frame 0.5 m"~ divided into quarters was placed on the surface. The

percentages of clasts in each quarter of the frame were estimated using the following size classes: 4-32 mm, 32-64 mm,

64-128 mm, 128-256 mm, and greater than 256 mm. The values for each class were averaged for the four quadrants, and

the result considered a percentage size distribution of the pebbles and cobbles at each station. (2) In areas covered

with gravel, the maximum dimension of the five largest clasts near each stagion was measured and averaged. (3) On the

southeast third of Girdwood Bar, where sand and silt predominate, two 80-cm® surface samples were collected, sealed to

minimize moisture loss, and sent to Menlo Park, Calif., for textural analysis. (Steps in the textural analysis were the

same as those described in Bartsch-Winkler and others, 1975).

The northwest third of the bar was also dominated by silt and sand but was inaccessible by foot owing to the newly
developed tidal channel. Three helicopter stops were made in this area. Textural studies were confined to the gravel
deposit and to the area southeast of the gravel deposit.

Sediment types
Gravel

The gravel deposited on the surface of Girdwood Bar is mostly pebbles and cobbles. The average gravel sample con-
sists of 62 percent of clasts between 4-32 mm (fine pebbles), 25 percent between 32-64 mm (coarse pebbles), 11 percent
between 64-128 mm (fine cobbles), and 2 percent between 128-256 mm (coarse cobbles). No samples were found containing
clasts larger than 256 mm. In figure 3, the distribution of the smaller pebbles is shown to be greatest nearshore and
to the southeast, with the largest cobbles occurring at the edge of the main channel and near the new channel. The
clasts, which are rounded, are predominantly graywacke and siltite, with minor vein quartz and felsite; all appear to
be derived from bedrock of the surrounding Chugach Mountains. Man-made objects (concrete clasts, water-worn bricks,
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an iron bedleg 1 m long with an attached caster, a water faucet, an oil drum, broken dishes, and a few tin cans) occur

in the surficial layer of gravel. This deposit and associated debris were most likely reworked from an earlier gravel

deposit observed in the banks of the new tidal channel. This lower gravel deposit is being exhumed by the new channel, 71 readings

and gravel clasts from it are being transported southeastward across the surface of the bar by currents in the flood

tide. The man-made components of the gravel may come either from the present-day garbage dump about 3 1/2 miles up- 0 10% \\r\\\\\xa\a\\ North \\\\\\\\\\\\\\

stream from the mouth of Glacier Creek, or from older refuse sites in the marsh just shoreward of Girdwood Bar.

Silt and sand

As in 1973, the sand and silt of Girdwood Bar contain no admixture of clay. The average sample contains 82 percent
sand and 18 percent silt and is slightly coarser than the 1973 deposit, which contained 75 percent sand and 25 percent
silt. Individual samples are plotted on the ternary diagram (fig. 4) with three end-member textural types: (1) sand
(62.5 to 200 micrometres), (2) silt (3.9 to 62.5 micrometres), and (3) clay (less than 3.9 micrometres). The lack of
clay may be explained by the apparent high current velocities witnessed at all tidal stages in Turnagain Arm. Current
flow in the vicinity of Girdwood Bar may always be great enough to keep the clay in suspension.

Surface bedforms
Bedforms on the Girdwood Bar in 1974 were divided into two main categories - those formed in the gravel deposit and
those formed in the silty-sand deposit. .

Bedforms on gravel

On the vertical aerial photograph, an area of large ripples (B, fig. 2), an uncommon feature in Turnagain Arm, is
present on the southwest edge of the gravel deposit. Six of these symmetrical gravel ripples, oriented perpendicular
to ebb and flood current. directions, have wavelengths ranging from 4.3 to 7.0 m (14 to 23 ft) (fig. 5A). In some areas
pebbles and cobbles are alined to form streaks on the surface of the bar (fig. 5B). Measurements of pebble streaks
produced a mean ebb and flood current direction of 144 - 324° (fig. 6). Pebble imbrications, which have a mean vector
direction of 130°, clearly indicate that the deposit is flood-dominated (fig. 6). The largest clasts in the deposit
also exhibit flood-current orientations, whereas the smaller clasts at the southeast edge of the deposit are ebb-
oriented. The plan view of the gravel deposit also indicated a flood orientation, because the source of gravel clasts

is at the northwest edge of the deposit.

Silt and sand bedforms

Sedimentary structures formed in the finer grained sediments indicate topographic features as well as current pat-
terns. Four types of bedforms were measured: (1) lunate/linguoid ripple marks, (2) straight-crested ripple marks,
(3) small, symmetrical (wind wave) ripple marks, and (4) runoff microchannels.

Lunate/linguoid ripples and straight-crested ripple mark orientations indicate the direction of current flow during
falling tide. Rose diagrams for these two types of ripples have mean vector directions that differ by only 2°: 300°
for Junate/linguoid ripples (fig. 7), and 298° for straight-crested ripples (fig. 8). In the 1973 study, the mean vector
directions for these bedforms were 260° for lunate/linguoid ripples and 266° for straight-crec‘ed ripples. This appar-
ent change in current direction to a more northerly course exists because the part of the bar that in 1973 yielded west-
ward directed vectors has either been covered with gravel or has been made inaccessible to study by the newly formed

channel.

The symmetrical (wind-wave) ripples and runoff microchannels characterize late-stage runoff. The wind-wave ripple
orientations are determined by wind effects and ebb currents and by the local slope of the bar (fig. 9). Runoff micro-
channels are formed solely by the slope of the bar (fig. 10). Orientations of these features suggest a west-southwest-
ward sloping bar and prevailing southeasterly winds.

Radiographs

Thirteen monitoring stations were set up perpendicular to the elongate dimension of Girdwood Bar. This profile is
depicted on figures 7 through 10 and 12-13 as a hachured line, each hachure representing a station. Oriented box cores
were collected at each station and subsequently photographed and X-radiographed to determine the types of sedimentary
structures present. Two distinct facies are present, a shoreward and a seaward facies. The shoreward facies contains
a predominance of small-scale crossbeds measuring up to 2 cm high (fig. 11A). The beds are truncated but appear
thicker than the crossbeds in the seaward facies. The seaward facies contains numerous entrapped air bubbles that may
be related to the higher topographic position of the facies (fig. 11B). Planar bedding and truncated crossbeds that
are thinner than those in the shoreward facies are also abundant. Both facies have numerous scour features and both
ebb- and flood-oriented crossbeds.

Percentage of sand

Sediment textures on Girdwood Bar in the areas where silt and sand predominate show a progressive coarsening from
the marsh at the shoreward edge to the main channel at the seaward edge (fig. 12). This textural pattern is similar
to that from the previous year's study. The lowest percentages of sand are found at the marsh edge, with one sample
containing only 49 percent sand. The highest percentages of sand are found near the margin of the gravel deposit,
next to the main channel, where some samples contain greater than 90 percent sand.

Standard deviation

Standard deviation of the size distribution of each sediment sample was calculated and used as a measurement of
sorting (fig. 13). The silty sediments of Girdwood Bar studied in 1973 and 1974 can be categorized as extremely well
to very well sorted. During the summer of 1973, a band of extremely well sorted material was present about midway
across Girdwood Bar, with bands of less well sorted material on either side. The better sorted material was located
in a topographic low, apparently because of longer periods of wave and current action. In 1974 (fig. 13), the best
sorted sediment occurred nearest the shore in a topographic low on which several exhumed bedrock outcrops were observed
(arrow). An area of less well sorted sediment is found at the edge of the main channel.

Discussion and conclusions

Girdwood Bar underwent striking changes in sediment distribution and topography between the summer of 1973 and
the summer of 1974. The sedimentary particle sizes became coarser, and a gravel pavement was deposited over approxi-
mately one-third of the bar, mainly by currents in the flood tide. Man-made objects up to 1 m long were transported
with the gravel. Gravel ripples with wavelengths of 7 m (23 ft) were measured. Comparison of vertical aerial photo-
graphs of the bar taken in 1973 with those taken in 1974 show dramatic changes in topography in a single year; it is
apparent that channel positions are not static. By comparing the sedimentological data from 1973 and 1974 we can see
that sediment distributions also differ markedly.

Girdwood Bar underwent erosion between 1973 and 1974, as evidenced (1) by exposure and reworking of the older
gravel deposit, (2) by the smaller areal extent of the bar, and (3) by the larger areal extent of the bedrock outcrop
at the southeast edge of the bar. The increase in average grain size in sandy areas may also indicate erosion because
intertidal deposits generally become finer grained upward in stratigraphic section (Klein, 1971).

EXTENT OF GRAVEL
DEPOSIT ON GIRDWOOD BAR

Erosion on Girdwood Bar is undoubtedly caused by -the development of the new channel on the northwest end of the
bar. The channel undercut and transported previously deposited gravel, sand, and silt, thereby Towering the bar and
enabling stronger tidal currents to shift closer to shore. This process also increased the duration of tidal activity
in those areas. The exact mechanism(s) that develop and eliminate channels are not apparent to the authors, but one
possible factor in these changes may be the winter ice that covers Turnagain Arm for nearly 4 months and may focus
sedimentation and erosion on the bar. In February 1975 we visited Girdwood Bar and witnessed the possible effect of
the sediment-laden ice in retarding channel development in the winter and shifting and transporting large quantities

of detritus during melting in the spring (fig. 14).
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Figure I1A. Radiograph showing detailed structure from the shoreward facies.
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Figure 3. Size distribution of surficial gravel
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Figure 6. Locations and vector directions of gravel bedforms on Girdwood Bar. Rose diagrams of readings taken on
pebble imbrications(A),and gravel streaks (B), include mean vector directions (Pincus, 1956). &

Figure I1B. Radiograph showing detailed structure from the seaward facies.
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Figure 8. Locations and vector directions of straight-crested /sinuous ripple marks on Girdwood Bar.
limit of gravel deposit

deposit on Girdwood Bar.

pOOMpJ!S 0)—

POOMpJ!s 0)—

9l readings

0 10%
| SEEEEE NS

Vector mean

_»10 Portage — direction = 30°-210°

NG O 1000 2000 3000 * 4000 5000 feet

e |

Figure 9. Locations and vector directions of wind-wave ripple marks on Girdwood Bar.
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Figure 10. Locations and vector directions of runoff features on Girdwood Bar.

EXPLANATION
Extremely well sorted=0.0-0.30
Very well sorted = 0.31-0.50
Well sorted = 0.51- 0.80
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Figure 12. Percentage of sand.surface samples from Girdwood Bar. \\\_A_//Z

Figure 13. Standard deviations of size distributions of surface samples from Girdwood Bar.
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